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BACKGROUND OF VOID ACCEPTANCE PILOT PROJECTS 

In the late 1980's the Colorado Department of Transportation (CDOT) was very actively engaged in 
improving the performance of hot mix asphalt. Rutting was identified as one of the major problems and 
seemed to be closely related to mixture volumetric properties. By 1990 the Federal Highway 
Administration was proceeding with Demonstration Project No 74, Field Management of Asphalt Mixes. 
This project focused on measuring and controlling the volumetric properties of asphalt mixes concurrently 
with their manufacturing and placement. There are a number of involved test procedures necessary to 
accomplish volumetric control, but specifying two end result parameters, voids in the mineral aggregate 
(VMA) and air voids (AV), were selected by CDOT to quantify volumetric properties. 


IMPLEMENTATION OF VOID ACCEPTANCE PILOT PROGRAM 

In 1991, D’Angelo and Ferragut “ reported on findings from Project No. 74. Their work showed the 
importance of field management of asphalt mix volumetric control. In 1993 CDOT took two significant 
actions towards volumetric end result specifications: 


(1) They participated in Demonstration Project No. 74 by doing void control on three hot mix asphalt 
projects construction. Only one of the three had formal Void Acceptance specifications with provisions 
for incentive and disincentive payments included. The contractors and CDOT field personnel 
cooperated in accomplishing routine volumetric testing on the other projects. Aschenbrener , CDOT 
mix design engineer, reported” on this work in January 1994. He concluded that meeting void 
acceptance (VA) specifications would not ensure that hot mix asphalt would be high in quality, but 
only that the field mix would match the laboratory design. This initial effort demonstrated the 
potential for successfully controlling the void properties of asphalt mixtures in Colorado during 
construction. 

(2) They announced their intent to fully implement QC/QA void acceptance specifications. Target date 
was set as about 1997. Implementation was to be preceded by a series of pilot projects which would 
be evaluated as they were constructed, This would ensure feasibility of adopting the VA concept and 
serve as a basis for adjustments in parameters. 


By the end of 1996, eleven VA pilot projects had been let to contract, including one that Aschenbrener 
reported” on in 1994. Two of the eleven will not be completed until 1997, leaving nine completed VA 
projects. An “Explanation of the CDOT Void Acceptance Pilot Program” by Aschenbrener is attached as 
Exhibit 1. It sets forth a chronological outline of the steps taken by CDOT as they have carefully moved 
towards VA specification mmplementation. 
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SUMMARY REPORT ON THE COMPLETED VA PILOT PROJECTS 

This summary report is a compilation of the hot bituminous pavement VA data reported by the field 
personnel on the nine projects. It is not intended as a thorough study on field control of voids during 
construction or the potential performance benefits. In 1992, Aschenbrener reported ©) on a comprehensive 
CDOT investigation of rutting performance of pavements in Colorado. Among other important findings, 
the report established the need for close volumetric contro! during construction. 


QC/QA Pilot Program for HBP Using Conventional Tests 
In 1992, CDOT implemented pilot QC/QA specifications for hot bitummous pavement (HBP). The 
specifications require field evaluation for materials pay factors (PF) to be done on three elements, in-place 
density (compaction), asphalt content and aggregate gradation. Quality acceptance (QA) is based on 
random samples and tests by CDOT on the three elements. The results are evaluated by standard 
statistical methods and the percent within tolerance, or quality level (QL), is established. PFs are 
calculated from the QLs and the number of tests in each process to determine incentive/disincentive (I/D) 
payments. The contractor is required to test the same elements (at a greater frequency) and use the results 
for quality control (QC). Comprehensive requirements are included in the QC testing schedule. 


Under the pilot specifications (QPM 1, the computer software designation), over 3 million tons of HBP 
were produced during four construction seasons, 1992-1995. The pilot program had been scheduled for 
completion in 1994, but several projects were held over and completed in 1995. Following collection aud 
analysis of the 1994 data, a revised and updated QC/QA standard special specification (QPM 2) was 
mnplemented in 1995. To date there have been four reports on the program; in 1993, 94,95 and 96 
COOMA) A fifth report is now in progress on the QPM 2 work completed in 1996. The QPM 1 and 
2 programs proceeded mostly independent of the VA projects during the same time period. The VA 
specifications were similar to QPM | in format, except that contractors were not required to perform 
quality control testing. Exhibit 1 provides additional information. 


THE VOID ACCEPTANCE PILOT SPECIFICATION 

The VA specifications have no field aggregate gradation requirements. Studies have shown that gradation 
is only subjectively related to performance. Other aggregate characteristics affect mix volumetric 
properties, and consequently performance, but are difficult to measure or specify. It is expected the 
contractors will learn to carefully control aggregate characteristics in relation to their motivation by the I/D 
schedule. As a result, future pavements built under VA specifications are expected to perform in a superior 
manner to pavements built under conventional specifications. CDOT is selectively evaluating the VA pilot 
projects for rutting and changes m voids after subjection to traffic. Data is not yet available, but no 
performance problems have been reported. 
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The VA pilot specification (special provision) used for the three projects completed 1996 is attached as 
Exhibit 2. It consists chiefly of revisions to Section 105, Control of Work, and revisions to Section 106, 
Control! of Materials (as pertaining specifically to this Item). The specification for the first six projects was 
essentially the same, except Stability was included as an element. The mixes on these six projects were 
designed using the Texas gyratory (TxG) for laboratory compaction and the Hveem stabilometer to 
measure stability. The Superpave™ Level 1 Mix Design © was used for the last three projects and the 
two now under construction. On page 4 of Exhibit 2, there are two Tables for element factors. The first 
table was used with the Superpave™ (SP) projects, the secand table was included with the TxG projects. 
There may have other minor differences between the two specifications. 


SUMMARIZED DATA FROM VA PILOT PROJECTS 

Table 1 is a summary of field data from the nine VA pilot projects as submitted from the field to the 
Construction & Materials Branch. The projects are sorted by year completed and subaccount number, then 
by process number. Where there were two or more processes (defined as continued production under a 
single job-mix formula) on a project, the totals and averages, weighted by tons, are listed for each element. 
The abbreviated column headings identify the components summarized and are mostly self explanatory. 
There are two PF columns, first for VA and second for QPM 2. The QPM 2 data was not a component of 
the projects, but was added for comparison. Future VA projects are expected to use the method for PF 
calculations. Contractor’s Code refers to codes used by the CDOT for the various contractors in 
evaluating QC/QA. The last colunm is for Aggregate Grading designation used on the projects. “C” is 
3/4" nominal and “CX” is 1/2” nomial aggregate size mixes designed by TxG. SP indicates 3/4" nominal 
size mixes designed by Superpave™ pyratory. 


In Table 2, the VA data is sorted by clement, by TxG or SP, then by project and process. Each element 
group has a composite lme for TxG and SP, then finally a composite line is shown where the data for the 
two mix design methods have been combed. All average values are weighted by tons represented. For 
each process, the target (job mix formula, or minimum for stability) is shown, followed by the algebraic 
difference of the process average test result from the target value. For information, the absolute difference 
is shown for each element group below the composite line. The significance of this can be demonstrated by 
looking at the composite line for all AC content tests. The algebraic difference between the target and the 
Process averages is Zero; so, on the average, the field tests were right on target. The absolute difference, 
however, is 0.07, showing that without regard to sign, the average process was 0.07 from target. The 
absolute value is more closely related to the average QL of 84.9. 


Finally, at the end of Table 2, the Item composite values for the TG group, the SP group and the 
combination are shown. It is not possible to combine data where the order of magnitude is different, such 
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as SD for the various elements. However, QL, PFs and I/D have been composited by calculating element 
averages weighted by “W” 
List of Figures 


For each element in both groups, frequency distribution histograms have been drawn and for selective 
elements, accumulated frequency curves are shown. The figures follow the tables at the end of the text, and 


are identified in Table A. 


Table A 
Description of Fig 


| Fig. No. 


ee ee ——o 


AC%, Normal Curve and Field | VMA, Normal Curve and Field 19 
Distribution, Texas Gyratory Hf Distribution, Texas 4 

AC%, Normal Curve and Field | WMA, Accumulated Frequency, 1 10 
Normal Curve & Field Curve, TxG 


a a ce oe re we os || — i ee ie eee 


Density, Norm Curve & Field Dist, VMA, Normal Curve and Field 
TxG, Values in Whole Numbers Distribution, Superpave 


2-2 -- ~~ = -- ++ = ------ +--+} --- - ---~---------------------------------|-------- 


Density, Normal Curve and Field Dist | | WMA, Accumulated Frequency, 
TxG, Values Reported to 0.1% Normal Curve & Field Curve, SP 


Air Voids, Normal Curve and Field 
Distribution, Texas Gyratory 
| Air Voids, Accumulated Frequency, 
SP Density, Values to 0.1% Normal Curve & Field Curve, TxG 


——+------------------—------------f--------- 


mc ce a ee 


err es ae 


Density, Normal Curve and Field Dist Air Voids, Normal Curve and Field 
SP, Values Reported to 0.1% i Distribution, Superpave 


Stability, Normal Curve and Field | | Air Voids, Accumulated Frequency, 


ea ee nee ee ae 


| Distribution, Tie Curve & Field Curve, SP 
Discussion of Figures and Related Data 
Only the density element has a common job mix target (94.0) for all processes in both VA groups. No 
adjustment or shift of data was necessary in order to plot distribution curves for density. For the other 
element groups, it was necessary to shift each process set to a common target m order to plot frequency 
charts and calculate pooled (total population) statistical data. This was accomplished by shifting the 
element sets to a common target, approximately the average of the group. For example, the average target 
for AC% in the TxG group is 5.1. The target for the first set listed is 4.8, therefore 0.3 was added to each 
value in the set. The target for the next set is 5.3; so 0.2 was subtracted from each value, and so on. Once 
the entire group of sets had been adjusted, statistical calculations were made, frequencies calculated and 


figures plotted. 
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Frequency distribution histograms have been drawn for each element in each group. An additional drawing 
was made for the 1993-94 field densities reported only in whole numbers. If these had been included in a 
histogram with values sorted to 0.1%, the results would be irrational. The asphalt content histograms 
(Figures ] and 2) show the data distribution to be near normal and only slightly off target. Accumulated 
frequency curves were not drawn. 


Accumulated frequency curves for other elements (except stability) were drawn as indicated in the above 
table. Ifthe curves are closely superimposed on the normal curves, it indicates the process was close to 
target and normally distributed. The charts only indirectly address the magnitude of the SDs; if the SD for 
the group is larger than normal, then the QL will be low (excessive percent out of tolerance), If the 
frequency curve is shifted, but closely parallel to the normal curve, the data is normally distributed, but the 
average is off target. Where there is lack of parallelism (bulges or dips), the data is abnormally distributed 
and also may be off target. An example is evident in Figure 5 where the TxG field densities (compaction) 
are abnormally distributed with a dip near the lower tolerance limit (indicating some sort of sampling bias). 


Figure 6 shows the SP density data is significantly bulged just inside the lower tolerance and shifted to the 
left by about 1.1 percentage points (below target). It is squeezed back to the right near the lower limit, 
indicates missing data, or sampling bias. The VMA accumulated curve (Figure 10) shows the data to be 
more normally distributed than its histogram (Figure 9) indicates. The average is almost exactly on target. 
Figure 12 shows the data for SP VMA to be poorly distributed and 0.4% below target. The TxG AV data 
(Figure 14) is bulged and shifted to the left, nearly 0.4% below target. Finally, the histogram and 
frequency curve for SP AV (Figures 15 & 16) show poor distribution of data and a shift to the left of target 
of nearly 0.9%. 


The field densities and alt volumetric data (except TxG VMA) are low, indicating there were some 
problems with field control. Lower values may not be too significant for the TxG mixes, as discussed on 
page 8, TxG Mixes, etc. But the lower values for the SP mixes could dicate borderline acceptability for 
performance (see discussion on page 9, SP Mixes, etc). 


DISCUSSION OF ELEMENT DATA 

Standard Deviations 
When the VA pilot program was initiated in 1993, expected process SDs for VMA, VA and stability were 
estimated” from tests performed on six conventional HBP projects constructed in 1992. The data was 
used to establish tolerance limits and ““V” factors for each element . “V” is approximately one historical 
SD and is used in VA specifications (and QC/QA) to evaluate single sample lots for PF when results are 
outside tolerances. If within the tolerances, the PF is 1.0. Tolerance limits for double limit elements are 
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typically four average historical SDs in width. Tolerance limits for asphalt content and density were 
already in effect and historical data was available to establish their “V” factors. 


Table B lists SD and tolerance values related to the Pilot VA program and the QPM projects. SD values 
from the six 1992 projects for VMA, AV and stability along with 1991 historical values for asphalt content 
and density are listed as base values in the first line. 

Table B 
a & Tolerance Table (Data with References 


18 Pee seers te [as a 
seaara™* fon — fin — fas — foe 
2 fe gl 


[gpm 2 spec, “v"___ozot~) [1.108 ae [eT Law be 


ae Ped Oabe +o, 2 Detahio 


Examination of the above table shows the values used in the VA specification are very reasonable when 
compared to the summarized field data. Because construction techniques for achieving density and asphalt 
content are essentially the same for VA projects as for QC/QA projects, the QPM 2 summary (representing 
14 times as many tons) is a better indicator of actual field performance than is the SP VA summary (1996 
work). An analysis of Sellers risks shows “V” should be about 1.2 times the historical SD for a 
recommended 5% risk. The current “Vs (VA and QPM 2) for AC% and density are almost exactly 1.2 
times the QPM 2 averages. No changes are recommended. For the two specifications, the tolerance 
widths for these two elements are very close to four times the QPM 2 averages; these tolerances have been 
used by CDOT for HBP for about seven years. Experience shows the they are satisfactory; no changes are 
recommended. 


7 


The relevance of Stability tests on SP mixtures is currently being investigated. Stabilities may be specified 
on future VA projects using SP, No change is recommended in the “V” factor at this time. SD is not 
normally used to establish the tolerance limit for single limit specifications. 
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For this evaluation, some of the most important information comes from the volumetric summaries. Based 
on the limited number of pilot tests, the summaries in Table B indicate the tolerance widths and “V” factors 
for VMA and AV are approximately correct. The change from TxG to SP compaction has probably 
affected VMA and AV field data. But the extent is not known because of other concurrent changes taking 
place, as summarized by Aschenbrener in Exhibit 1, such as: (1) Test procedures were modified to take out 
ambiguities following round robin testing in 1994 and 1995, (2) in 1996, CAPA certification was required 
for the first time for all testers, (3) from 1991-1995 TxG equipment was phased in, then in 1996 the SP 
procedure was introduced and used on the SP projects without previous experience and (4), from 1993 to 
the present, there have been a number of changes in VA specifications and project quality management. For 
these reasons no changes are currently recommended for VMA and AV. 


Target and Mean - Target 
Based on all individual test values, the data in the columns (Tables 1 and 2) to the right of the tons 
column, have been calculated for each element in each process. The targets job mix formulas) were as 
established on the projects per specifications. The mean (average) value for the process, minus target value 
is the alpebraic difference. For example, if two AV processes of the same size had a 0.5 and -0.5 
differences from their targets, the average distance from the targets would be zero. The average absolute 
difference would be 0.5, which is more closely related to the overall QL than is the algebraic average. The 
composites show both values. 


Quality Level and Pay Factors 
QL is calculated by CP-71” and represents the estimated percent of test results within tolerances. SD, 
distance of process mean from tolerance limits and number of test values (“‘n”) all contribute to the 
calculation. PF formulas for VA and HBP are modeled after the WASHTO“” tables for PF, based on “n” 
and QL. Basically, for unlimited “n”, PF = 1.0 when QL=93 . As “n” decreases, the required QL to 
achieve a PF of 1.0 decreases. This is related to sellers risk due to sampling error as “n” grows smaller. 
When “n” is three (minimum for statistical analysis), a QL of 68 provides a PF of 1.0. There is pay 
incentive or disincentive, based upon QL and “in”. The VA formulas for PF are included in Exhibit 2. 
QPM 2 PF formulas are slightly modified from WASHTO and there are additional ones for larger “n”s. 
The QPM 2 PF column (Tables 1 and 2) is provided for comparison; the procedure is to be used for future 
VA projects. Over all, there is less than one percent difference in the two methods, with QPM 2 paying 
slightly less (the effect of paying less for processes with larger “n”s). 


The VA Y/D$ Column shows the actual dollars based on tons x $per ton x (PF-1.0). There was a total 
incentive of $47,069 for the TxG projects. The total disincentive was -$129,488 for the three SP 
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projects, which included -$116,499 for density on a single project process. This resulted in only -$13,000 
for the other elements and processes . 


The less than desired results for VMA and AV on the SP projects can be partly attributed to the 
contractors’ unfamiliarity with SP technology (i.e., SP gradations interrelated with voids and field density). 
Another factor may have been CDOT’s unfamiliarity with the SP gyratory compactor. These two things, 
combed with the sampling and testing variances already inherent with HBP testing, produced lower QLs 
than expected for the volumetric properties. 


Asphalt Content and Density 
The QLs and PFs for the AC% and Density elements are significantly lower for both groups of VA 


projects than for QPM 1 and QPM 2 projects for the same contractors during the same calendar periods. 
Table C compares data taken from Table 2 and 3. 


Ua ECC Re 
Gstaad — Igepal atin 


The QL and PFs for the VA groups were significantly below the QPM groups. The total number of tests 
for the VA groups is much less, so there is danger in reaching conclusions from such small samples, 
particularly for SP. It appears there are complex interrelations between the mix characteristics necessary 
for volumetric optimization and field compaction when using SP gradations. 


For conventional HBP where there are specified gradations (and no voids specifications on field mixes), 
sieve targets can be changed or established by the contractor (as approved) without negatively affecting the 
PF. Gradations could be selected in order to more easily achieve compaction without particular regard to 
the effect on the voids characteristics. Successful implementation of VA specifications on SP projects will 
require training and experience for CDOT and the contractors. 
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TxG Mixes, Stability, VMA and Air Voids 

There was virtually no problems meeting the minimum specified stability values on the TxG mixes. The 
VMA average was almost right on target. The AV average was only 0.3% below target. Medium to low 
TxG compactive effort was used for design on all of these projects. Aschenbrener noted™) that field mixes 
with air voids above 3.0% by low laboratory compactive effort should have good rut resistance. Figure 14, 
accumulative frequency for TxG air voids, shows that 85% of the tests yielded AV greater than 3.0%. The 
as-built field densities show only 0.14% more AV (less density) than the QPM 1 projects built during the 
same time period. The TxG designed pavements can be expected to have good resistance to rutting. 


Superpave Mixes, VMA and Air Voids 
The SP mix design procedure does not include Hveem stability testing. For SP compaction, loose, hot 
asphalt mixtures are placed in molds and subjected to gyrations until the density is approximately 98% of 
maximum theoretical (2.0% AV). Densities between initial and end pont are estimated by automatic 
specimen height measurement and interpolation to find percent air voids at design gyrations. The 
completely compacted test specimens are not satisfactory for stability testing. To test for stability, separate 
specimens compacted at design gyrations are required. Until now, this has not been done routinely, but 
data is currently being accumulated. Stabilities may be required on SP mixtures in the future. 


The SP mixes have an average field VMA about 0.4% (Table 2) below target. This is not particularly 
significant. The SP average AV are (Table 2) below target a greater distance than average for the TxG 
mixes. But not too much weight should be given to this data, their were only a couple of small processes 
where the average AV were below 3.0%. The SP mixtures can be expected to have adequate mut resistance, 
except possibly for some finely graded trial mixes. Again, this emphasizes the need for time to learn the 
interrelation between SP gradations, volumetric characteristics and density achievement, 


COMMENTS 
The number of changes being made in procedures and equipment, combined with the limited number of 
projects and field samples, makes it risky to make conclusions. Following is a list of comments: 


1. The six TxG projects are expected to perform satisfactorily for rut and fatigue resistance. Eighty-five 
percent of the field AV tests are above the critical lower limit of 3.0% and the average is only 0.29% below 
target. The as-built field densities show only 0.14% more AV (less density) than the QPM 1 projects built 
during the same time period 
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2. Not enough data is available to predict performance on the SP projects. There needs to be more time 
(and SP projects) to allow CDOT personnel and the contractors to become familiar with Superpave 
technology. The analysis of volumetric data is complicated by its interrelation with SP technology. 


3. The “V” factors and specification widths for the elements currently being evaluated on the SP projects 
are satisfactory, no changes are recommended at this time. 


4. For both TxG and SP, there is reduction in air voids by laboratory compaction of field mixed materials 
versus laboratory mixed materials from same source components. This confirms the observed and 
documented reduction in field AV (reported by CDOT and others). 


5. The data submitted to the Pavement section for analysis seems to indicate poor compliance with the 
requirements for compaction test sections. The first density test result in a process is supposed to be the 
average of the seven random tests on a test section. For work to proceed without more test sections, the PF 
for the first test section must be 1.0, or better. At a normal SD of 1.0, the mean value must be at least 
93.0. Of 12 processes built in 1995 & 1996 (TxG and SP), 7 had first values reported ranging from 91.8 
to 92.8. If the test section requirements had been adhered to, there would probably have been better 
compliance with overall density and volumetric requirements on these processes. 


6. All three frequency histograms for field density tests (Figs 3, 4 and 7) show significant sampling bias 
and abnormal distnbution. There is a lack of test values just below or at the minimum tolerance (92.0) 
with a preponderance of values just mside the limits. This may indicate a tendency towards discarding 
values just below the lower limit and substituting “representative” values from locations near by. 


7. There is some abnormalcy in the distribution of test values around their averages for all elements for 
both TxG and SP. But sampling bias is not as evident as it is for density. For all the elements, part of the 
poor distribution can be attributed to the experimental nature of the work where frequent changes in the 
field processes were made. Pooled data can be expected to reflect the many process changes. 


RECOMMENDATIONS 

1. Consideration should be given to allowing the contractor the option of making a laboratory adjustment 
in design voids (higher laboratory AV) to account for anticipated decreases on construction. This might 
greatly reduce the amount of trial and error associated with field adjustments. There would have to be a 
documented prediction procedure, based on historical data for the individual contractor and source. 
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2. The requirements for compaction test sections should be fully adhered to. 


3. Additional efforts should be made to train contractor and CDOT test persons in the proper procedures 
for random sampling, particularly for pavement density. The proposed pilot projects, with the contractors 
doing control testing for pay, present opportunity to identify sampling and testing irregularities by use of 
statistical “t” and “F’ test procedures. 


4. It is proposed that the disincentrve pay factor procedures be stiffened (greater dismcentive when the PF 
is less than 1.0), This would require the “W” factors be changed when PF is less than 1.0. Contractors 
who perform well and have PFs greater than 1.0 would not be affected by this change. Those inclined to 
accept disincentive payments in lieu of producing fully acceptable work would have greater incentive to 
produce higher quality work. This same recommendation is appropriate for QPM 2 projects. 


5. It is recommended that as soon as feasible, the conventional HBP QPM 2 specification be merged with 
the VA specifications. CDOT has already stated this intent. This recommendation is to add emphasis to 
that objective. In the mean time, VA pilot work should proceed carefully at the same time the Superpave 
procedure is bemg implemented for conventional HBP. 


REFERENCES 


1. D’Angelo, J. A. and T. Ferragut (1991), “Summary of Simulation Studies from Demonstration Project No. 74: 
Field Management of Asphalt Mixes”, Journal of the association of Asphalt Paving Technologists, Volume 60, pp. 
287-309, 


2. Aschenbrener, T. (1994), “Demonstration of a Volumetric Acceptance Program for Hot Mix Asphalt in 
Colorado”, FHA Demonstration Project No. 74, Report No, CDOT-DTD-R-94-2. 


3. Aschenbrener, T. (1992), “Investigation of the Rutting Performance of Pavements in Colorado”, Report No. 
CDOT-DTD-R-92-12, 


4. Brakey, Bud A. (1993), “Interim report for the HBP QA/QC Pilot Projects Constructed in 1992", Report No. 
CDOT-DTD-R-93-14. 


5, Brakey, Bud A. (1994), “ HBP QA/QC Pilot Projects Constructed in 1993", Second Interim Report, CDOT 
Construction & Materials Branch, Not Formally Published. 


6. Brakey, Bud A. (1995), “HBP QC/QA Pilot Projects Constructed in 1994 and Summary of the 1992 -1994 
QC/QA Pilot Program", CDOT Construction & Materials Branch, Not Formally Published. 


7. Brakey, Bud A. (1996), “ HBP QC&QA Projects Constructed in 1995 Under QPM 1 and QPM 2 Specifications", 
fourth annual report, Report No. CDOT-R-96-9. 

8. Brakey, Bud A. (1997), “ HEP QC&QA Projects Constructed in 1996 Under and QPM 2 Specifications”, CDOT 
Construction & Materials Branch, Not Formally Published at this writing. 


9. “Superpave™ Level 1 Mix Design”, Asphalt Institute Superpave™ Seies No.2 (SP-2), Asphalt Institute, P.O. 
Box 14052, Lexington, KY 40512-4052. 


10. Colorado Procedure 71-94 For Determining Quality Level (Percent Within Tolerance limits), 1997 Field 
Materials Manual. Colorado Department of Transportation, 4201 East Arkansas, Denver CO 80222. 


11. WASHTO Model Quality Assurance Specifications, Prepared for WASHTO Subcommittee on Materials and 
on Construction, in Cooperation with the FHWA, August, 1991. 


Page 13 


Table 1 
HOT BITUMINOUS PAVEMENT QC/QA DETAILS & SUMMARY BY PROJECT 
AND MIX DESIGN FOR 1993 - 96 VOID ACCEPTANCE PROJECTS 


Sorrel PAE 
-T PF Ps oor GRA: 


CX 11-0006-17 

6th Ave, Wads-Fed 6 8389082 A Dns% $20.25 21.1 42 0.79 840 0768 643 1039 1.035 soe38 W2 oC 
Bth Ave, Wade-Fed 6 9399002 A ACK S25 211 2% OF 48 OOS ao 1.009 a588 sve w2  G 
6th Ave, Wads-Fed @ 0399092 A Stab SM25 211 24 360 350 320 818 0908 0.965 (12 wW2 6c 
fth Ave, Wads-Fed 6 6399082 A VMA $22 2.1 2% 038 195 O83 849 1.038 1,041 $4608 W2 OC 
Oth Ave, WadeFed 6 83,83002_—A__—Voits = $2.75 21.1 24 330.80 _ 1.037 7.099 $8978 W2_ 


‘STA 0251-431 


Jet SH 185, N & S 2 9482410 A Dns% $28.20 4.4 9 145 940 011 4 1.007 1.008 $351 We? Cx 
Jet SH 166,N &S 2 98492410 8B Ons% 82820 100 20 1300-940 1.90 76.0 0.901 0.877 ($11,129) W2 cx 
det SH 165, N & S 2 8492410 C Ons% $28.20 44 8 151 940 -150 624 O77 O877 $11,288) W2 Cx 
dct SH 185,N&S 2 84,82410 D Ons% $22 21.4 a 132 840 0.44 6sB3 0.968 oees 2,778) We cx 
Jet SH 165, N & S 2 8492410 E Dns% $28.20 147 30 4.15 B40 4.25 749 0.880 0.918 18,242) W2 CX 
PROJECT GRADING "CX" TOTALS & MEANS FOR DENSITY 549 «#6110 «#128 «9840 0.85 77.8 0.930 0.634 ($43,087) W2 Cx 
Jet SH 165, N &S 2 9462410 A ACM 3820 44 5 0.13 54 860.08 99.0 1.050 1.030 Sais W2 cx 
Jet SH 165,N&S 2 402410 B AC’% $2820 100 10 0.16 5.1 0.02 91.7 1,052 1.037 5447 We cx 
Jet SH 165,N&& 2 98482410 C ACH $2820 44 4 018 S55 0.00 1000 1.049 1.080 $303 W2 CX 
dct SH 165,N 4&5 2 8492410 D AC%® $2820 21.4 21 016 51 0.04 93.2 1.086 1,082 $1,084 Wa2 CX 
44 5H 165,N&S 2 9492470 £ AC% $2820 147 6 0,11 6S 006 $8.3 1.049 1.050 $1,018 W2 cx 
PROJECT GRADING "CX" TOTALS & MEANS FOR AC% S49 —) 0.16 $3 0.05 6.6 1.041 1.037 $3,165 we Xx 
det SH 165,N&S 2 9492410 A Stab S20 44 § 100 350 1200 1000 1.050 1.030 $313 W2 Cx 
Jct SH 165,N&S 2 9492410 a $2820 «(100 16 230 350 128 1000 = 1.050 4.040 $704 W2 cx 
det SH 165,N&S 2 84,2410 c Seb ©2820 44 4 22 350 9.80 100.0 1.050 1.030 $308 = W2 cx 
dct SH 165,N&S 2 9492410 5D Sah = 8B20 «214 2 120 $50 1830 1000 8 1,050 1.050 $1,507 We CX 
Jet SH 165, N&S 2 492410 €E Stab =S2820_ =—147 18 1200 350 6390 1000 1.050 1.050 $1,038 Wwe cK 
PROJECT GRADING “CX* TOTALS & MEANS FOR STABILITY 549 & 146 %0 1340 1000 1.050 1.045 $3,871 W2 cx 
det SH 165,NBS 2 8492410 A VMA $2820 44 5 O21 140 098 68.4 1.081 1,080 $1,178 8 W2 cx 
Jet SH 165, N& S 2 8492410 8B VMA $2820 100 10 021 140 1143 629 0,884 0.981 ($9,631) Ww2 cx 
Jet SH 165, N&S 2 8492410 C VMA $2820 44 4 03% 130 0.397 71.4 0.885 0,985 (8573) W2 cx 
Jet SH 165, N&S 2 s4e2410 OD VMA $2820 214 ai O24 140 O86 &87 0.961 0.957 ($1,875) Ww cx 
Jet SH 165, N&S 2. -B4,62610 E VMA $28.20 14.7 18 0% %40 0.42 68.7 1.055 1.050 $6,170 w2 cx 
PROJECT GRADING "CX" TOTALS & MEANS FOR VMA 549 =) O24 188 01.70 624 0.950 6.976 (54,736) we2 cx 
det SH 165,N2aS 2 8492410 A Voids $220 44 5 0.28 40 = -1.12 2 0.90g 0.802 ($4,878) W2 cx 
Jt SH 165,N&S 2 84,82470 B Voids $2820 100 10 O38 40 6-08 94,7 1.040 1.040 $4,461 W2 cx 
Jct SH 165,N&S 2 949240 C Voids $28.20 4.4 4 Os7) = 33.0 0.85 87.6 1.022 1.025 $1,087 w2 cx 
Jet SH 185,N&S 2 9492410 D Vers S2820 21.4 21 0.48 40 052 96.1 1.041 1.048 $98,768 W2 cx 
Jet SH 165, N&S 2 9492410 E Voids $28.20 147 18 0.29 3.0 ais 100.0 1.060 1.060 $8,301  W2 ox 
PROJECT GRADING "Ox" TOTALS & MEANS FOR AiR VOIDS 549 55 0.88 37 O28 92.4 1,030 1.033 $14,728  W2 cx 
PROJECT GRADING "CX* TOTALS & MEANS FOR ITEM 84.9 NA NA NA NA 65.1 0.984 0.683 048) We CX 
Jct SH 1465,N&S 2 9482410 A Drs® $21.00 385 80 4.12 S40 0.86 84.0 1.005 0.938 $1,696 W2 C 
det SH 185,N&S 2 0482410 Al Dns $2100 15 NA NA NA NA NA 1.005 500 seg c 
det SH 165,N 8S 2 04,02410 2B Dns% $2100 45 17 TI 840-442 784 0.980 0.981 ($1,489) W2 c 
Jet SH 165, N&S 2 684982410 C Ons% $21.80 3.4 T O53 940 067 100.0 1.035 1.085 $1,088 W2 c 
Jet SH 165,N 2S 2 9492410 OD Dns%® $2190 45 9 101 $40 044 94.7 1.040 1.040 $1,560  W2 c 

$2,872 Wi c 


PROJECT GRADING °C" TOTALS & MEANS FOR DENSITY 53 113 #107 84.0 0.85 65.0 1,006 0.974 


| -zognmet_-p lsconois| 0” lamave| ton [see cee 
LOCATION SUBAC # TON | 4000 | "n” ae 
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aSe 
UD$ | CDE | GRAD 


Jet SH 165, N&S 2 8660410 A ACH $2190 385 40 Om ($3,864) 
JA SH 165,NES 2 9402410 Al AC% $2100 16 #2 4NA 53 082 NA ca see ($278) we c 
Jct SH 165,N&S 2 9402410 B ACK $2180 85 G6 O17 54 014 B17 0995 0.995 ($44) Wa c 
Jet SH 165,N&S 2 9492410 C AC’® S200 34 3 O93 53 O14 73 1.007 1002 s2e Ww c 
Jct SH 165,N&S 2 940210 D ACK $2190 45 5 Of8 53 O04 845 1,085 1.099 S217 We c 
PROJECT GRADING "C* TOTALS & MEANS FOR AC% 5a3 68 «#402 «53 «#4008 «888 «(O8se) |6(O8t7 63,972) w2 c 
Jot SH 165, N& 5 2 0492910 A Seb $290 385 42 187 860 103 1000 1.050 1.055 $2107 We c 
Jet SH 165, N&S 2 9462410 Al Stab $2190 15 NA NA NA NA NA 1.050 800 $63 w2 c 
Jct SH165,N&5 2 6492410 B St $2190 85 98 170 350 1130 1000 1.050 1.040 $465 (W2 c 
Jct SH165,N&S 2 949210 C St $2100 34 $S O80 350 0350 1000 1.050 1.025 $185 W2 c 
UctSH 165,N&S 2 949210 0 Sab 32160 4S 5 080 360 840 100.0 1.050 1,030 $244 We c 
PROJECT GRADING "C* TOTALS & MEANS FOR STAGILITY 663 689 172 341 1005 673 1.050 1.084 $3,085 Wz c 
dct SH185,N&S 2 e4e2¢10 A VMA S219 25 42 025 130 028 1000 1.045 1.085 $11,400 We c 
Jct SH 185, N&S 2 9482410 Al VMA $21.60 15 NA NA NA NA NA 4.045 0.500 $7 W2 Cc 
Jot SH 165, N&S 2 8402410 B \VMA $2100 85 9 022 130 O21 1000 1.080 1.060 $2,763 We c 
Jct SH 185, N&S 2 96620 C VMA $2190 34 3 O81 1230 003 1000 7050 1.025 $1,113 w2 Cc 
Jct SH 185,N 2S 2 94,82410 le} VMA $21.80 45 § 038 13.0 0.14 100.0 7.050 1.080 $1,482 wa c 
PROJECT GRADING “°C” TOTALS & MEANS FOR VMA S&S S O08 127 O22 879 1.047 103 $17,215 Wz c 
Jct SH 165,N&S 2 0492410 A Voids $2180 385 42 O82 40 014 846 1034 1.037 $11,487 W2 c 
dot SH1@5,N&S 2 8492410 At Veds S280 45 NA NA NA 0.00 NA 1.084 0500 $450 W2 c 
uct SH 165,N&S 2 9492410 B Vode $2190 85 9 024 40 024 1000 1.055 1.040 $3,723 Wa c 
Jct SH 165,N&8 2 9492410 C Voids $2190 346 3 O21 40 083 1000 1.05 1.025 $1,454 W2 Cc 
Jot SH 185,N&8 2 9492410 D Vos $2190 45 65 Of 40 60 e843 1.02 1.080 $1,240 wa c 
PROJECT GRADING °C" TOTALS & MEANS FOR AIR VOIDS 63 6 O52 39 023 927 1.037 1022 $18,305 w2 c 
PROJECT GRADING “CG” TOTALS & MEANS FOR ITEM 683 NA NA NA NA 903 1.022 0.969 $97,565 W2 c 
PROJECT GRAND AND TOTAL & MEANS, ALL GRADINOS. 1112 NA NA NA NA 878 1.003 -O.901 915516 We c 

“e Sain arene eyesore EY ASI ROAR SRR SSN ARE : Vi tot Bin veee ne Nene 


i a Ranireet we cae. ok = K Wig eon 
STRS 0835 - 034 

Plerca - Nunn 2 9593262 A One%® $2500 24 
Plerce - Nuna 2 9593262 8B Ons%® $9300 128 
PROJECT GRADING "C" TOTALS & MEANS FOR DENS $5.2 
Pierce - Nunn 2 9583282 A AC% $5.00 224 
Pierce - Nunn 2 98322 B AC% $33.00 128 
PROJECT GRADING "C“ TOTALS & MEANS FOR AC% 35.2 
Pierce - Nunn 2 9693262 A Stab $25.00 24 
Piatce - Nunn 2 9593202 8B Stab $33.00 128 
PROJECT GRADING "C* TOTALS & MEANS FOR STABILITY 35.2 
Pierce - Nunn 2 9693202 A VMA $25.00 224 
Pierce - Nunn 2 983262 8B VMA #300 128 
PROJECT GRADING "C* TOTALS & MEANS FOR VMA 35.2 
Plerce - Nunn 2 3508282 A Volds $268.00 224 
Pierce - Nunn 2 $9082 B Voids $33.00 
PROJECT GRADING "C* TOTALS & MEANS FOR AIR VOIDS 35.2 


PROJECT GRADING "C™ TOTALS & MEANS FOR ITEM 


0.48 
0.38 


O52 
O51 
0.52 


840 6400 474 
940 $4.00 730 
940 -9400 569 
48 400 87.2 
§0 500 933 
47 475) BL 
400 4000 1000 
40.9 -40.00 1000 
40 40.00 1000 


430 6 -1300 985 
130  -2300 9.2 
130 «6-1300 8698.5 


40 400 608 
42 424 83.8 


0.785 0.750 
O12 0.904 
0.818 0.805 
1.022 0.988 
4.020 4.040 
1,024 1.014 
1,048 1.050 
1,038 4.045 
1,045 1,048 
1.045 1.080 
1.015 1.028 
1.054 1,044 
1.016 1.022 
0,947 0.963 

1.011 


47 407 882 0.980 


778 


(552,574) Ki 
($14,880) Ki 
(867,454) Ki 
Ki 

se0u3.—isiK“ 
$428 KA 
$1,031 Xt 
KI 

$1,348 Kt 
sa2s_ Kt 
$2168 KY 
Kt 

$5,018 KI 
$1,287 Kt 
$az85 4 
KI 

$2517 Ki 

A Ki 
148) Ki 


(382,120) Ki 


Ts 
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fomm_ (luca ale [Sel rene |= [Loe [ela 
LOCATION # |suBAC #| ¢ | MENT|TON | 1000 | SD |TARG PF CDE | GRAD 


C 0381-046 


US 38, Sher - Wads 68 065,108678 A Dre% $23.40 29.1 58 0.88 640 -0.53 95.2 1.041 1.041 $11,157) AN c 
US 36, Shar - Wads & 25,10078 A AC% $2340 20.1 a O22 46 0.62 a1 0.687 0867 102, «AS c 
US 38, Shor - Wada & 98,10878 A Stab $23.40 201 2 170064400 7.10 100.0 1.060 1.050 $1,701 Al Cc 
US 36, Sher - Wads 8 85,10678 A VMA $23.40 221 2 037 136 069 61.8 1.082 1.029 $4354 «Al ¢c 
US 28, Sher - Wads 8 8510878 A _ Voids $273.40 24 2 0.53 3.8 0,42 E<¥4 7.038 1.037 $7347 Al Cc 
PROJECT GRADING oe TOTALS & MEANS FOR ITEM te 40 23.1 NA NA NA NA a4 ; 1.088 LoS S057 —_ _ ; 


q Dvn Reps: ae vs - oJ of] . . 
Se REN OOO Rab ceceinSe te Nene ac RE A RETR ME 


uct SH 60 - Seuth 2 = 96,10781 A Dns $2800 723 746 O88 84060 O02 97.7 1.044 1,057 $30,992 Xt c 
Jct SH 50 - South 2 86,1078 A AC™ $2800 723 73 0.20 5.7 0.01 65.9 1.001 0.658 38a OKA c 
let SH 50 - South 2 96,10761 A Seb $2800 723 3 204 37:0 4.8 97.9 1.035 1.058 $3,305 K1 c 
Jet SH 50 - South 2 96,10791 A VMA $28.00 723 73 O54 164 042 925 1.002 1.013 $587 Ki c 
Jet SH 50 - South 2 _-88,10791 A Velds $28.00 723 vw Oss 40 0.38 o.9 1.008 1.007 633 Ki CG 


PROJECT GRADING "C” TOTALS & MEANS FORITEM 5280072 NANA NA NA 54.4 1.02) 1.009 $38,805 ¢ 
= _ Y Sac woe? Sak Sie er est Gan eS Bae Sp “3 ae 5 Z 


det SH 85 - Nath 2 96,10042 A Ons% $3430 105 2 16 4.0 8400 458 0750 8 0.750 ($38,015) St Cc 
Jet SH 85 - Narth 2 98,10842 B One® $330 308 & 0.71 640 8405 6888 1.023 0.982 $3502 Si c 
PROJECT GRADING "C" TOTALS & MEANS FOR DENS 413 81 078 84.0 8400 778 0953 0.930 (828,423) Si! c 
dct 5H &5 - North 2 9610842 A AC% $3430 105 10 0.08 46 4.60 95.8 4.042 1.045 $756 = S11 c 
Jet SH 85 - North 2 b6,10e42 B ACH $3430 308 30 020 48 ~*48 839 1.005 0.971 $248 — St. c 
PROJECT GRADING "C” TOTALS & MEANS FOR AC% 413 49 0.17 47) AB 86.8 1.014 0.990 005 Ss ¢ 
Jet SH 85 - North 2 86,10842 A Stab 86 $34.30 «105 10 117 40.0 -40.00 100.0 1.060 1.045 32000 S11 c 
dot SH 85 - North 2 9610842 8 Gtab $3430 WS 30° 2768 86400 4OW 1000 1.050 41.055 $2,641 Si Cc 
PROJECT GRADING "C" TOTALS & MEANS FOR STABILITY “ia 4 23% 400 4000 1000 1050 1.052 $3,541 St c 
fet Sel 85 - North 2 96,10842 A V4A $3430 103 10 033 140 -1400 S835 1.047 1.045 840 8 6S1 c 


Jct SH &5 - North 2 9610a2 B VMA $3430 208 30 OS 135 -1350 1000 1.050 1.055 $10,564 51 c 
$13,085 SI Cc 


PROJECT GRADING "C* TOTALS & MEANS FOR VMA a3 «44 034 136 -1363 996 1.049 1.062 


Jet SH 8&5 - Newth 2 98,10842 A Vols $3430 105 10 037 «40 4.00 99.1 1.049 1.045 $5,240 881 


Jct SH 85 - North 2  98@,10942 5B Volds $3450 308 E) 0.58 36 350 93.8 1.038 1.083 $11,917 S1 


PROJECTGRADING C°TOTALS&MEANSFORARVODS 41353863832 1.080 109 5 si 


Peer 
iM 0704-179 


170 Colfax - SH 28 6 98,11364 A Dna%® $29.15 1.2 3 O35 9840 -157 1000 1.050 1.025 $682 sp 
1 70 Colfax - SH 26 6 96,11364 B Ons% $2015 9,1 18 0.70 84.0 = -1.19 89.7 1.028 1.023 $2,770 «At sp 
170 Colfax - SH 26 6 o0it3e4_ = C One® $2915 27.6 58 096 B40 -1.89 58.8 0.641 0.723 16,499) Ai. S&P 
PROJECT GRADING "C° TOTALS & MEANS FOR DENS $29.15 362 7 O88 640 -1,68 68.1 0.748 86090.808 ($113,048) At sp 
170 Colfax - SH 28 8 98,113964 A AC%™ $20.15 12 2 NA 5.0 0.03 NA 1.000 1.000 So AI SP 
| 70 Colfax - Stl 26 6 96113646 8B AC% $29.16 9.1 9 a28 5.1 0.13 68.8 0.851 0.809 ($3.57) A‘ Ss 
17D Colfax - SH 28 6 9811364 C¢ ACH $2215 278 23 0.15 43 0.08 91.4 1027 4.029 $2,190 At SP 
PROJECT GRADING "C* TOTALS & MEANS FOR AC® $215 381 3 0.18 48 0.03 5.8 0.984 0.883 ($1,783) A‘ SP 
1 70 Colfax - SH 26 6 986,11364 A Stabs $29.15 NA NA NA NA NA NA NA NA NA AI SP 
t 70 Colfax - SH 26 6 9611364 8B Seb $28.15 NA NA NA NA NA NA NA NA NA Al SP 
170 Colfax - SH 26 6 9811364 C Steb $29.15 NA NA NA NA NA NA NA NA NA Al SP 
NOT APPLICABLE ON THIS PROJECT $20.15 NA NA NA NA NA NA NA NA NA At SP 
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= Ship MIX DESIGN EOR 1993 - <3 sae ACCEPTANCE PROJECTS 


(70 Colfax - SH 26 6 96,1194 A $28.18 
170 Colfax - SH 28 6 96,11504 28 VMA $28.15 
170 Cotfax - SH 28 6 86,1198 C VMA__‘ $29.15 
PROJECT GRADING "C” TOTALS & MEANS FOR VMA $29.15 
{70 Coffax - Sti 26 6 9$6,11304 A Vokis $28.15 
76 Colfax - SH 26 6 66,1138 8B Volds $22.15 
| 70 Colfax - SH 26 @ 8611304 C Vote $28.15 


PROJECT GRADING "C* TOTALS & MEANS FOR AIR VOIDS _ $22.15 


SLA ee eS 
IM 0292 - 283 


Northgate - North 6 9811373 A 
Northgats - North 6 0811379 A ACK $8875 
Northgate - North 6 86113979 A Stab 53875 
Northgate - North 6 8611373 A YMA  S8875 
Northgate - North 6 9811973 A Volda $38.75 


bn Tl a Fe 


170, Cottax - Cir Cri 6 112 A Ons% $3140 35 8 O17) «94.0 8 6-183 66.4 0.908 0.905 410) At 
170, Colfax . Cle Crk @ 6671512 6 Ons% $31.40 21.3 Ss O61 840 -1.27 684 1.021 0.982 $5,627 ___—A? 
PROJECT GRADING "C~ TOTALS & MEANS FOR DENS $31.40 248 51 ans 840 -136 683 1.005 0.980 15233 AI 
170, Cotfen - Cir Crk 6 98,11572 A AC% $3140 36 4 0.16 48 003 100.0 1.048 1,030 $536 A 
(70, Cottesc - Cir Cri 6 @1ISi2 8B ACG 8140 AS 2 0.17 46 wr 66.5 0645 768 ($10,367) AY 
PROJECT GRADING “C" TOTALS & MEANS FOR AC% $3140 «248 2 018 49 0.24 629 0.874 = 0.803 {$9,827) Al 
170, Cotfax - Cir Cre 6 6611512 A Stab $31.40 NA NA NA NA NA NA NA NA NA At 
170, Cattex - Car Crk 8 611512 86 Stab $9140 NA NA NA NA NA NA NA NA NA_ At 
NOT APPLICABLE ON THIS PROJECT $37.40 NA NA NA NA NA NA NA NA NA At 
170, Cotiax « Cir Crk 6 9671552 A VMA $3146 35 4 047. 140 «40.08 1000 8 1.049 1.030 $1,070 Al 
170, Colfase - Clr Crk 68 817512 8B VMA 531.40 23 2 08? 140 430 $19 1.631 4.023 $4313 A 
PROJECT GRADING "C" TOTALS & MEANS FOR WMA $31.40 «24.8 P.-} 064 140 O25 $22 1.083 1.024 $5,102 AT 
(70, Colfax - Cir Crk 6 s4141512 A Vos $3140 35 4 0.78 360 =—«-OSK 94.1 1.046 1.030 $1,508 Al 


21.1 


2 

8 0H 
28 0.40 
% 0.43 
2 NA 
9 0.61 
28 0.43 


0.48 


c=) 1.28 
21 O17 
NA NA 
21 0.44 
a 0.57 


NA NA 


13.0 
13.2 
13.1 


40 
40 


4.1 
41 


94.0 


$1 


13.0 


0.17 


0.08 


0.38 


1.44 


NA 


100.0 


96.8 


eed CS A bisacaiere: UROL AR SR cane AR woe AL 


88.8 


&&6 


NA 


68.1 


91.0 


81.6 


0.833 
1.014 
0.870 


778 
0.833 
1.049 


1.025 


4.002 


NA 


1.024 


1.003 


1.015 


4.049 
0.968 
0.866 


0,689 
0.561 
1.060 


4,001 


1.008 


NA 


1.060 


1.024 


1.018 


gas 
$2,237 


Ai 
At 
Al 


ranlion [or | re | wos | eve (a 
emi ~TAR cok GRAD 
13.0 
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Jct 5H 165,N&S 
Jet SH 185, N&S 
Jet SH 165, N&S 
Jet SH 165,N&S 
Jet SH 165,N& S$ 
vet SH 165,N&S 
ict SH 165,N&S 
Jet SH165,N&S 
Jat SH 165, N&S 
Jct SH 165,N&S 
Pierce - Nunn 

Pierce - Nunn 


US 38, Sher -Wads - 


Jet SH 50 - South 
det SH 85 - North 
Jet SH 85 - North 


24 
re ) 
2 
B 
3 
5 
5 
10 
4 
v4) 


0.01 
0.17 


THOHOGHOKRKRRRAaanaand 


Jet SH 165,N&S 
dct SH 165,N &S 
det SH 165,N &S 
Jet SH 166,N &S 
det SH 165, N & S 
Jet SH 165,N&S 
Jct SH185,N&S 
Jet SH 165,N&S 
Jet SH 165,N& 5S 
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Pierce - Nunn 

US 36, Sher - Wads 


66,11S12 
06,41512 


2 
9 
28 
21 
2 
A 
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3.07 


4.13 


0.03 
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Table 2 
HOT BITUMINOUS PAVEMENT QC/QA DETAILS & SUMMARY BY ELEMENT, 
PROJECT & MIX DESIGN FOR 1993 - 96 VOID ACCEPTANCE PROJECTS 


6th Ave, Wada-Fed 6 c 
Jet SH 165,N&S 2 94,82410 c 
Jet SH 165,N&S 2 94,92410 c 
Jet SH 165,N&S 2 94,92410 c 
Jet SH 165, N&S 2 84,62410 Cc 
dct SH 165,N&S 2 94,62410 c 
dct SH 165,N&S 2 B4,92410 CX 
Jct SH 165,N&S 2 94,92470 cx 
Jct SH 165,N&S 2 94,82410 cx 
Jct SH 165,N& 5 2 84,92410 cx 
Jet SH 185,N&S 2 9$4,8241D cx 
Pierce - Nunn 2 95,93262 c 
Pieres - Nunn 2 95,93262 x c 
US 36, Sher - Wads 6 95,10678 4.70 40.0 7.40 100.0 1.050 1.050 $1,701 «At c 
Jet SH 50 - South 2 08,10781 204 37.0 4.08 97.9 1.035 1.065 $3,305 Ki Cc 
det SH 85 - Nerth 2 86, 10942 1.17 40.0 11.60 100.0 1.050 1.045 $900 «Si c 
Jet SH 85 - North 2 S1 c 


COMPOSITE OF ALL VOID ACCEPTANCE 
STABILITY TESTS, WEIGHTED AVERAGES & TOTALS __ 


At SP 

Al SP 

Al SP 

W2 SP 

At sp 

a SP 
6th Ave, Wads-Fed 6 93,93092 A VMA $29.25 = 21.1 24 038 135 0.63 939 1.038 1.041 $4,696 W2 Cc 
det SH 165,N&S 2 94,92410 A VMA $21.90 385 42 02 13.0 0.28 100.0 1.045 1.055 $11,400 We2 c 
Jat SH 165,N&S 2 84,82410 Aj VMA $21.80 15 NA NA 13.0 NA NA 1.045 6.500 $447 W2 c 
Jct SH 166,N&S 2 94,92410 B VMA $21.90 8s 8 022 13.0 0.21 100.0 1.050 1.040 $2,793 Wa c 
det SH 166, N&S 2 94,82410 c VMA = $21.90 3.4 3 031 130 003 1000 1.050 1.025 $1,113 W2 c 
Jet SH 165, N&S 2 94,924610 D VMA = $21.90 4s 5 038 13.0 0.14 100.0 1.050 1.080 $1,462 W2 c 
det SH 165,N& S 2 64,92410 A VMA = $28.20 44 § 021 14.0 -0.96 86.1 1.031 1.030 $1,174 W2 ex 
Jet SH 165,N&S 2 94,92410 B VMA $28.20 10.0 10 O21 14.0 “1.13 62.9 0.884 8=—( 0.881 ($9,831) W2 cx 
Jet SH 165,N&S 2 94,82410 c VMA $23.20 44 4 035 13.0 0.87 71.4 o.se5 860.885 575) W2 ex 
det SH 165,N&5S 2 94,92410 in) VMA $28.20 «21.4 21 024 140 0.89 80.7 0.961 0.857 ($1,675) Ww2 cx 
Jct SH 165,N&5 2 94,82410 E VMA $28.20 147 15 025 140 0.42 99.7 1.050 1.050 $6,170 w2 cx 
Pierce - Nunn 2 95,93282 A VMA $26.00 224 23 03D 130 0.58 68.5 1.045 1.050 $5,018 Ka c 
Pierce - Nunn 2 98,83282 B VMA $33.00 128 3 04 13.0 0.62 902 1015 1.026 $1,267 =K1 c 
US 36, Sher - Wads é 85,10678 A VMA $23.40 2.1 y-:] 037) 13.6 0.69 8198 1.032 1.029 $4354 Al c 
Jet SH 50- South 2 96,10781 A VMA $26.00 723 73 O54 164 0.42 925 1.002 1.013 $587 —sK1 Cc 
det SH 85 - North 2 96,10942 A VMA $3430 105 10 O33 140 0.57 983 1.047 1.045 $3,400 Si c 
Jet North 2 68,10942 8 VMA $3490 308 30 034 135 0.11 100.0 1.050 1.055 $10,564 St Cc 


70 Colfax - SH 28 6 6611964 A VMA $215 12 2 NA 130 0.00 NA 1.000 1.000 $o Al SP 
170 Colfax - SH 28 6 9811964 B  VMA $2015 B.1 8 O51 130 082 100.0 0833 1.040 ($8,605) Al SP 
170 Colfax = SH 28 6 96113968 C VMA $215 278 2 O40 132 08 623 1.014 0.968 $2237 Al SP 
Northgate « North 6 0611573 A  VMA $3875 211 2 O4f 130 038 981 1.02 1.050 $3485 W2 sP 
176, Colfax - Cir Cric 6 98,11512 A VMA $31.40 3.5 4 0.47 14.0 0.038 100.0 1.049 1.030 $1,070 At SP 
e 8 2 : SP 

& sP 


_ 3843 4020 039 13.97 


TESTS, WEIGHTED AVERAGES & TOTALS 


‘Ay 


Table 2 
HOT BITUMINOUS PAVEMENT QC/QA DETAILS & SUMMARY BY ELEMENT, 
PROJECT & MIX DESIGN FOR 1993 - 96 VOID ACCEPTANCE PROJECTS 


a 9§3,830982 A $20.75 21.1 24 
Jct SH 165,N&8 2 84,92410 A Volda $21.90 ws Lv 0.62 40 
det SH 185,N&5 2 84,62410 At Vokia §=$21.80 16 NA NA 40 
Jet SH 165, N&S 2 04,62410 8 Vokis $21.90 85 8 O24 40 
Jet SH 185.N3&S 2 64,92410 c Vokis $22.90 34 3 021 40 
Jct SH 165,N&S 2 84,82410 D Vokis $21.90 4s i 0.82 4.0 
Jct SH 185,N&S 2 84,92410 A Volds $28.20 4.4 § 0.28 40 
dct SH 165,N&S 2 94,82410 ::| Voids $28.20 10.0 10 0.38 40 
det SH 165, N&S 2 84,92410 CG Vaids $28.20 44 4 0.37 3.0 
Jet SH 165,N&S 2 84,92410 19) Voids $28.20 21.4 Zz 0.48 40 
Jet SH 166, N&S 2 94,92410 E Velde $28.20 14.7 5 C2 34 
Pierce - Nunn 2 96,83282 A Vokia $25.00 24 23 052 40 
Pierce - Nunn 2 85,93262 B Voids $33.00 128 13 o.St 42 
US 36, Shar - Wads 8 95,10878 A Voids $23.40 221 r:7) 0.58 35 
Jet SH 50 - South 2 96,10791 A Voltzj «=$26.00 723 3 0.69 4.0 
Jet SH 85 - North 2 96,10842 A Volds $34.30 105 10 0.37 40 
Jet SH 85 - North 2 96,10942 8 Voids $3430 38 30 0.68 3.5 


[COMPOSITE VD ACCEPT AIR VOIDS TESTS fs: 
[DESIGNED BY TEXAS GYRATORY, WTED AVERAGES & TOTALS 


170 Cotfax - SH 28 6 96113884 A Vols $2215 12° 2 NA 40 
170 Colfax - SH 26 @ 06,1136 B Voks $2015 94 6 of 40 
$70 Coltax - SH 28 6 96,1198 C Vols $2015 278 2 043 41 
Northgate - North 6 9611373 A Vols $3875 24 21 O8F 45 
170, Coltax - Cir Crk 6 9611512 B Vols $3140 23 2 O78 38 
170, Colfax - Clr Ork 6 9611512 A Vols “$31.40 35 079 38 
[COMPOSITE VD ACCEPT AIR VOIDS TESTS $2223 840 88 O58 At 
preyed 
[COMPOSITE OF ALL VO ACCEPTANCE | $28.10 ~ 4020 052 3.87 


Absolute Mean-Tarse 


TEM COMDACITE OF un acror open tecre 


eee INS TD a Ok OO 8 Se oe 


OESIGNED BY TEXAS GYRATORY, WTED AVERAGES & TOTALS 

| DESIGNED BY SUPERPAVE, WEIGHTED AVERAGES & TOTALS 

ITEM COMPOSITE OF ALL VOID | $28.10 3043 NA AA NA 
ao a ee 


$26.93 = 310.3 


NA NA NA 


0.14 4.8 1.034 
0.00 NA 1.034 
024 1000 1.050 
063 100.0 1.060 
0.80 683 1.082 
A412 €0.2 0.803 
0.82 84.7 1.040 
0.85 16 1.022 
452 95.1 1.044 
0.18 100.0 1.086 
4.51 90.6 1.015 
O68 83.68 0947 
0.42 932 1.036 
0.36 61.9 1.006 
0.44 99,7 1.049 


138 NA 0.778 0.883 
1.55 20.2 R-<< O84 
AS 98.8 1.049 1.05 
“1.44 61.0 4.003 1.024 
0.78 785 0.924 0842 
0.35 94,1 1.046 1.030 
0.88 a6 0.978 0960 
ay 
0.41 90.7 1.014 1.015 
O51 

NA oa.41 1.005 0.998 

NA 6204 0846 0.948 

NA a7.04 


$2,517 
(58.666) 
$7,347 
$3,533 
$5,240 
$11,917 
$687,967 


($2,288) 
$13,342) 
$19,961 

$736 
(616,332) 
$1,506 
(616,741) 


($11,851), 


$47,063 


(6129,468} 


0563 0.969 ($82,419) 
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TABLE 3 
HBP EVALUATION SUMMARIZED BY YEAR, 1991 HISTORICAL & 1992 - 19986 QC/QA 


IDENTIFICATION Tons | TESTS apm2 | apm 4 
YEAR ELEMENT | 1000s “n"' TARGET | QUAL LEV|PAY FACT|PAY FACT 


Camponittes are element valnas weighted by “W* fa Element data are process avarnyes weighted F tons. Gradaticon &D ¢ Masn - Target 

pocleyis 2000 0.18 0.07 Abs 87.0 1,005 

1.05 1.00 Abs 84.0 1.002 

ae eaten 

a | 9.978 | 
Asphalt % 282 0.14 4.042 

Bey SiS ee el Gene 
Elements 2.11 ee eae 
1983 Asphalt % 837 0.15 ae 
SHEEES EE 
2.31 Eros aeae 
| 1.027 | _[ 1019 | 
eo _— pce 1.034 1.022 
ae ae a as) aga 
comets 


7 | 764 EEE 0,09 0.03 | 861 | 2 Lie 
QPM1 787 1378 1.14 81.1 0.950 
| seas ae 10 1.18 Fel 18 88.5 1.017 1.015 


2 | 1.008 | 0976 | 


a ~ 1995 ola allt — "0.07, 4.030 
Summary of | Density % 4.01 1.017 
QPM 1 Elements | Gradation 1.019 


mace Sowenres [sew [ana [vent 1 ae | 


oe ee % 342 0.18 0.05 0.02 1.014 
QPM 2 0.48 0.38 91.7 1.023 1.017 
a eel See 1.19 


Asphalt % 847 016 | 16 
= RSHEBEEH SHE 
Gradation 0.15 1 pane 
| 4.012 | 012 
0. av | 007, 0,07 0. 02 1.006 
0.83 0.56 6.51 BMBGE 1.046 
1.066 


oun cose | Lisa | wa] sont) 
RS CTE 


Cente ten — 
Summary of 
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AC %, NORMAL CURVE & FIELD TESTS 
Frequency, VA Projects, TxG + Stab 
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a9 
%AC, 0.5 SD Interval (Rt Edge Label) 


— Norm Dist Around Average i Distribution of Field Tests 


Figure 4 


AC %, NORMAL CURVE & FIELD TESTS 
Frequency, VA Projects, Superpave 


Frequency Percent 


419 4.42 4.64 4.86 5.09 5.3 
%AC, 0.5 SD Interval (Rt Edge Label) 


— Norm Dist Around Average [__ | Distribution of Field Tests 


Figure 2 


Page 22 


DENSITY, NORMAL CURVE & FIELD TESTS 
Frequency VA Projects, TxG + Stability 


Frequency Percent 
oa 8 & 


om 


0 
88.3 89.5 90.7 91. 9 93.1 94.3 95.5 96.7 97.9 
% Dens 1 SD interval (Rt Edge Label) 


== Norm Curve, Center on Average [| Distribution of Field Tests | 


Figure 3 


DENSITY, NORMAL CURVE & FIELD TESTS 
Frequency, VA Projects, TxG + Stab 


Oo 


reported to 0.1% 
plotted on chart. 


Frequency Percent 


Soe ns gore 
% Dens, 0.5 SD Interv (Rt Edge Label) 


—— Norm Curve, Center on Average [| Distribution of Field Tests 


Figure 4 
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Accumulated Frequency, VA Projects, TxG + Stability 
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Figure 5 


re 
”n 
Lu 
= 
a) 
— 
uu 
LL 
og 
> 
Oo 
=) 
O 
= 
o¢ 
O 
z 
” 
= 
Lu 
ra) 


Accumulated Frequency, Voids Acceptance Projects, Superpave 
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Density, 0.5 SD Interval 


—= Accum Dist of Field Tests —— Norm Dist Around Target 


Figure 6 
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DENSITY, NORMAL CURVE & FIELD TESTS 
Frequency, VA Projects, Superpave 


= = WO WN 
om oO 


td 
8 
© 
o 
iy 
e 
© 
=|] 
> 
© 
ee 


94.0 95.2 96.5 97.7 
.8 92.0 93.3 94.6 95.9 97.1 
Interv = 0.5 SD % Dens (Rt Edge Label) 


=== Norm Curve, Center on Average i] Distribution of Field Tests 


Figure 7 


STABILITY, NORMAL CURVE & FIELD TESTS 
Frequency, VA Projects, TxG + Stab 
30 


“n" = 316, Pop SD = 2.0 & QL 100, Mean = 44, Avg Proc.SD = 2.0, QL = 100 
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VMA, NORM CURVE & FIELD TESTS 
Frequency, VA Projects, TxG + Stab 


"n" = 316, Pop. SD = 0.67 & QL 92.5, Mean = 14.0; Avg Proo SD = 0.36, QL = 93.4 


dS Ave Target = 14.1 as 


7 1223 123.0 13.7 14.3 15.0 15.7 
120 12.7 13.3 140 147 153 16. 
VMA, 0.5 SD Intervals (Rt Edge Label) 


—— Norm Dist Around Average |__| Distribution of Field Tests 


Figure 9 


VMA, NORMAL CURVE & FIELD TESTS 
Accumulated Frequency, VA Projects, TxG + Stability 


138 144 15.1 
Voids, 0.5 SD Interval 


== Norm Dist Around Target —— Accum Dist of Field Tests 


Figure 10 
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VMA, NORM CURVE & FIELD TESTS 
Frequency, VA Projects, Superpave 


“n” = 36, Pop. SD = 0.67 & QL 90.5, Mean = 13.0; Avg Proc SD = 0.49, QL = 91.2 


Pe ee En a ae nk te ve en A eee re NER eran ree VE SSRs oer oe RE Ane ny Rl ew STO S ER EAA ee, 


13.4 140 14,7 
13.0 13.7 144 15.0 
VMA, 0.5 SD intervais (Rt Edge Label) 


— Norm Dist Around Average |_| Distribution of Field Tests 


Figure 11 


VMA, NORMAL CURVE & FIELD TESTS 


Accumulated Frequency, Voids Acceptance Projects, Superpave 
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VMA, 0.5 SD Interval 


—— Norm Dist Around Target —— Accum Dist of Field Tests 


Figure 12 
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AIR VOIDS, NORM CURVE & FIELD TESTS 
Frequency, VA Projects, TxG + Stab 
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Voids, 0.6 SD interval (Rt Edge Label) 


— Norm Dist Around Average |__| Distribution of Field Tests 


Figure 13 


AIR VOIDS, NORM CURVE & FIELD TESTS 


Accumulated Frequency, VA Projects, TxG + Stability 


Accumulated Frequency % 


17 2.0 2.3 2.6 29 3.2 35 3.8 41 44 4.7 5.0 53 5.7 
Volds, 0.5 SD Interval 


=——= Norm Dist Around Target —— Accum Dist of Field Tests 


Figure 14 
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AIR VOIDS, NORM CURVE & FIELD TESTS 
Frequency, VA Projects, Superpave 


30 


"n” = 86, Pop. SD = 0.80 & QL 66.4, Mean = 3.25; Avg Proc SD = 0.58, QL = 82.6 
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Frequency Percent 
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Voids, 0.5 SD Interval (Rt Edge Label) 


— Norm Dist Around Average |_| Distribution of Field Tests 


Figure 15 


AIR VOIDS, NORM CURVE & FIELD TESTS 


Accumulated Frequency, Voids Acceptance Projects Superpave 
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Voids, 0.5 SD Interval 


== Norm Dist Around Target —— Accum Dist of Field Tests 


Figure 16 
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Exhibit 1 
Explanation of the CDOT Void Acceptance Pilot Program 
Tim Aschenbrener 
April 21, 1997 


1) Modification of the 5-year plan. There have been modifications to the original 5-year 
plan. The original 5-year plan was developed based on a best guess of the time it would take 
to implement the program. The modifications to the plan have been essential to the proper 
implementation of the volumetric acceptance program. The purpose of this section is to 
document some of these reasons for the modifications. 


After the first project in 1993, 3 different labs got 3 different answers. It was clear the 
implementation process would take longer. A brief summary follows documenting the 
increased time it took to ensure proper procedures were followed, operator training and 
checking was implemented, and equipment acquired. 


Repeatable Tests. 

1994/1995 _A great deal of study went into the procedures to make sure that tests were 
performed uniformly. This included round robin testing. 

1996 The CP-Ls were re-written to take out ambiguities. 

Spring 1996 CAPA certification became a requirement. This step was necessary to ensure 
all testers had experience and background to perform tests. 


Equipment Acquisition. 

1991/1994 Equipment for the Texas gyratory mixes were acquired. 

1996/1997 Equipment for the Superpave mixes were acquired. 

Fall 1995 Trailers were made available to the Regions to demonstrate the volumetric 
acceptance program because projects were not always in the back yard of the 
Region lab. 1996 was really the first year all projects were field verified; 
however, this was a “shakedown” year. 


Specifications. 

1993 The first volumetric acceptance specification (using test results for payment) 
was written and used. 

1994/1997 Provisional volumetric specifications were used that did not apply pay factors 
for routine use in HBP projects. This was to help contractors learn about the 
process without being penalized. Additionally, the provisions encouraged 
adjustments to be made to the mixes. 

1996 A check system is now in place for quality assurance of the volumetric test 
results. This uses 1OK samples and the comparisons are done with each 
Region by the Central lab. 

1996/1997 Superpave is a huge implementation effort. Superpave trial projects were built 
in 1996 and full implementation was available in 1997. This stalled the 
volumetric acceptance for 1 year. It would be too overwhelming to implement 
mouluple specifications. 

1997 With the arrival of the trailers and equipment, this is the first year that CDOT 


1997 


Projects. 
1993 
1994 
1995 
1996 
1996 


can really use the field verification of HBP effectively for all of the projects in 
each of the Regions. 

A specification was written to allow contractors test results to be used for pay. 
Each Region was encouraged to use 2 projects. This specification was 
controversial and confusing so implementation was delayed by the Regions. It 
is estimated that it will be used on 2 pilot projects in Region 6. 


1 project: 6th Avenue. 

1 project: I-25 at Colorado City 

2 projects: US-85 at Nunn, US-36 from Sheridan to Wadsworth, 

2 projects: I-25 at Fountain, SH-45 in Pueblo 

5 projects (Superpave): I-70 at Colfax, I-70 at Clear Creek, I-25 at AFA, I-25 
south of Pueblo, I-25 north of Trinidad 


It is more important to implement the program correctly than to follow a preliminary schedule 
based on a best guess. Many obstacles have been overcome, and implementation is 


continuing. 


2) Reason for Implementation of Voids Acceptance. There have been many studies 
showing that the volumetric properties of the HMA relate to performance. Although 
gradation acceptance is commonly used, it does not always relate to the long term 
performance of the pavement. These references can be found by myself on Colorado 
pavements, John D'Angelo in AAPT, and recommendations in Superpave. NCHRP 9-7 “Field 
Procedures and Equipment to Implement SHRP Asphalt Specifications” is also recommending 
using volumetrics for acceptance of HMA. 


EXHIBIT 2 
REVISION OF SECTION 105 
CONTROL OF WORK 


Section 105 of the Standard Specifications is hereby revised for this project as 
follows: 


Subsection 105.03 shall include the following: 


Conformity to the Contract of all Hot Bituminous Pavement, Item 403, will be 
determined in accordance with the following: 


All work performed and all materials furnished shall conform to the lines, 
grades, cross sections, dimensions, and material requirements, including 
tolerances, shown in the Contract. 


For those items of work where working tolerances are not specified, the 
Contractor shall perform the work in a manner consistent with reasonable and 
customary manufacturing and construction practices. 


When the Engineer finds the materials or work ‘furnished, work perfommed, or the 
finished product are not in conformity with the Contract and has resulted in an 
inferior or unsatisfactory product, the work or material shall be removed and 
replaced or otherwise corrected at the expense of the Contractor. 


Materials will be sampled and tested by the Division in accordance with Section 
106 and with the applicable procedures contained in the Division’s Field 
Materials Manual. The approximate maximum quantity represented by each sample 
will be as set forth in Section 106, Table 106-1. Additional samples may be 
selected and tested at the Engineer’s discretion. 


Evaluation of materials for pay factors (PF) will Be done on a lot basis. Lots 
will consist of a consecutive series of random samples, one from each sublot, 
for those items and elements listed in Section 106, Table 106-1. All materials 
produced will be assigned to a lot. Each lot will have a pay factor computed in 
accordance with the requirements of this Section. ‘Test results determined to 
have sampling or testing errors will not be used: =: 


Whenever two consecutive test results for an element are outside the tolerances, 
the Engineer shall create an experimental one-sample lot of each individual 
test. Each test shall be individually evaluated in'accordance with the 
following: 


(1) A PF shall be computed for each test. 

(2) If the PF for the test is less than 0.75, the test shall constitute a 
lot and the material represented by the test shall be handled in 
accordance with subsection 105.03 (e). 

(3) If the PF for the test is 0.75 or greater, the test shall not constitute a 
lot, and the test shall be placed in the appropriate Lot. 


= 
REVISION OF SECTION 105 
CONTROL OF WORK 


The Engineer shall establish a new lot when there are major changes in 
materials, a change in the job-mix formula, extended suspension of production or 
as otherwise deemed necessary. New lots may be established following the close 
of the pay estimate period. 


Providing none of the above conditions exist, a lot may consist of any number of 
consecutive samples. 


If there are less than three samples in a lot, the material will be evaluated as 
one-sample lots in accordance with the procedure below. 


When it is necessary to represent a quantity by one or two tests, lots will be 
established represented by one test each, as determined by the Engineer. If the 
value of the test is within the specification limits, the lot will be assigned a 
pay factor (PF) of 1.00. 
If the value of the test is above the maximum specified limit, then 
2 
PF = 1.00 ~ [{To - Ty) /V] 


If the value of the test is below the minimum specified limit, then 


PF = 1.00 - ((ty, - To) /VI2 


Where: PF pay factor 
Vv V factor from table 105-1 
To = the individual test value 
Ty, Ty = lower and upper specification limits, respectively 


(a) Each lot of materials or work represented by three or more tests will be 
evaluated for Quality Level (QL) by CP 71. 


Each lot of materials or work represented by three or more tests will be 
evaluated for Pay Factor (PF) by the following formulae: 
1. When n = 3 and QOL < 68, then 


PF = 0.410702 + 1.157738 (QL/100) é 


0.423928 (QL/100) 
2. When n = 3 and QL > 68, then 
PF = 0.572303 + 0.953058 (QL/100) - 0.475399 (QL/100)% 


3. When n = 4, then 


PF = 0.264319 + 1.566711 (QL/100) 0.781846 (OL/100) 7 


4. When n = 5, then 


PF = 0.232740 + 1.557903 (QL/100) 0.739563 (QL/100) * 


-3- 
REVISION OF SECTION 105 
CONTROL OF WORK 

5. When n = 6, then 

PF ~ 0.161687 + 1.679072 (QL/100) - 0.790861 (OL/100)? 
6. When n = 7, then 

PF = 0.121571 + 1.727903 (QL/100) - 0.798947 (QL/106) ¢ 
7. When n > 8, then 

PF = 0.103228 + 1.739576 (QL/100) - 0.792804 (QL/100) 

(bo) A pay factor will be determined for each lot of material or work. For pay 
period estimates, or for any interim time period, each individual element 
will have the average pay factor (PFa) for all the lots of the period, 
weighted by the quantities represented by each lot, computed as follows: 
PFa = [M,(PF1) + Mo(PF2) +...... Ms (PF3) ] 


=M 


Where: M;, = Quantity of item represented by the lot. 


N 


PFS The lot pay factor. 
=M = Sum of Quantities, M) to Mj (the total quantity for the 
period). 


{c) When there is more than one element for the item, determine the composite 
pay factor (PFc) for the time period as follows (ZM used to compute each 
element PFa must be numerically the same): 


PFc = [W1(PFal) + Wo(PFan) +...-...- Wy (PFay)] 
Iw 
Where: W = @lement factor from Table 105-1. 


PFaj = element average pay factor. 
Iw = sum of the element factors. 


(d) Numbers in the above calculations will be carried to significant figures and 
rounded according to AASHTO Standard Recommended Practice R-11. 
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(e) When PF for any element in a lot is between 0.75 and 1.05, the finished 
product will be accepted at the appropriate pay factor. If PF for any 
element in a lot is Jess than 0.75, the Contractor shall take corrective 
action before being permitted to continue production. If proper corrective 
measures can’t be readily determined, the Engineer will suspend the use of 
such material until Laboratory tests indicate that the corrective measures 
taken by the Contractor will provide material that is in compliance. [In 
addition, the Engineer may: (1) require complete removal and replacement 
with specification material at no additional cost to the Division; or (2) 
document the basis for acceptance by Contract Modification Order (CMO) and 
permit the Contractor to leave the material in place, if the finished 
product is found to be capable of performing the intended purpose and the 
value of the finished product is not affected. If the material remains in 
place, the CMO will make an appropriate price adjustment such that PF will 
not be greater than 0.75. The pay factor (PF) for the lot will be used in 
the applicable formulas when computing: the average pay factor (PFa) and 
composite pay factor (PFc). 


The Contractor will not have the option of accepting a price reduction in 
lieu of producing. specification material. - Continued production of non- 
specification material will not be permitted... All. costs related to redesign 
of the asphalt mix and subsequent delays shall be borne by the Contractor. 
Material which is obviously defective may be ‘isolated and rejected without 
regard to sampling seen or nocebson within a lot. 


TABLE 105-1 3: ° 
Factors for Various Elements 


Hot Bituminous Pavement. 


Asphait Content 

Voids in Mineral Reena (wma) ‘ a6 
Air Voids (AV) ; 30 
In-Place Density As 40 


TABLE 105-1 
(Where stability is included) 
_“V" An And “W” Factors for Various Elements 


Hot Bituminous Pavement 


| eee |i 


Asphalt Content 


Stability 
Voids in Mineral Aggregate (VMA) 
Air Voids (AV) 
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TABLE 105-2 
Approximate Pay Factors 


Required Quality Level for a given 
sample size (n) and given Pay Factor 


Pay 
Factor 


REVISION OF SECTION 106 
CONTROL OF MATERTAL 


Section 106 of the Standard Specifications is hereby revised for this project as 
follows: 


Subsection 106.03 shall include the following: 


All Hot Bituminous Pavement, Item 403, shall be tested in accordance with the 
following program of acceptance and assurance testing: 


(a) 


(b) 


Acceptance Testing. The Colorado Department of Transportation (CDOT) shall 
be responsible for acceptance testing on all items in the Contract listed in 
Table 105-1. 


Ls: Frequency of Tests. Acceptance tests will be taken at the frequency 
specified in Table 106-1. 


2. Point of Sampling. The material for acceptance testing shall be 
sampled by the Contractor using approved procedures. The location 
where material samples will be taken shall be determined by the 
Engineer. 


3. Calculations. Percent VMA in compacted paving mixtures and 
calculations of air voids in campacted mixtures will be calculated 
using methods described in the Asphalt Institute Handbook (MS-4) (1989) 
Section 4.2. 


Assurance Testing. Except for asphalt content and in-place density, the 
CDOT Staff Materials Laboratory shall be responsible for assurance testing. 
Check tests for Stability, Voids in the Mineral Aggregate (VMA), and Air 
Voids (AV) shall become Independent Assurance Tests. 


All materials being used are subject to inspection and testing at any time 
prior to, during, or after incorporation into the work. Assurance sampling 
and testing procedures will be in accordance with the Schedule for Minimum 
Materials Sampling, Testing and Inspection in the CDOT Field Materials 
Manual . 
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TABLE 106-1 
TESTING SCHEDULE FOR HOT BITUMINOUS PAVEMENT 
ACCEPTANCE TESTS 


CcP-42 Determining Asphalt Cement Content of Hot 1/1000 T 
or Bituminous Pavements minimum 1/Day 
CPL $120 Determination of the Asphalt Binder 
Content of Bituminous Mixtures by the 
Ignition Method 


cp-44 Detexmining Percent Relative Compaction 1/500 T 
CP-81 of Bituminous Pavment 


CPL 5102 Maximum Specific Gravity of Bituminous 1/1000 f 
Paving Mixtures minimum 1/Day 


CPL 51203 Bulk Specific Gavity of Compacted 1/1000 Tf 
Bituminous Mixtures minimum 1/Day 


CPL 5115 Standard Method for Preparing and Deter- 1/1000 T 
mining the Density of Hot Mix Asphalt minimum 1/Day 
Specimens by Means of the SARP Gyratory 
Compactor 


TESTS FOR INFORMATION ONLY 


CPL 5109 Resistence of Compacted Bituminous 1/work week 
Mixtures to Moisture Induced Damage 


Copies of CPL 5115 and CPL 5120 are available from the Region Materials 
Engineer. 


REVISION OF SECTIONS 401 
COMPOSITION OF MIXTURES 


Sections 401 of the Standard Specifications are hereby revised for this project 
as follows: 


In subsection 401.02, Table 401-1, delete the tolerances for Hot Bituminous 
Pavement - Item 403 , and replace with the following: 


Hot Bituminous Pavement - Item 403 


Voids in the Mineral Aggregate (VMA) 41.2% 
Air Voids 41.2% 


In subsection 401.02 delete the tenth paragraph. 


